Dislocation is a common reason for revision following total hip replacement. This study investigated the relationship between the bearing surface and the risk of revision due to dislocation. It was based on 110 239 primary total hip replacements with a diagnosis of osteoarthritis collected by the Australian Orthopaedic Association National Joint Replacement Registry between September 1999 and December 2007. A total of 862 (0.78%) were revised because of dislocation. Ceramic-on-ceramic bearing surfaces had a lower risk of requiring revision due to dislocation than did metal-on-polyethylene and ceramic-onpolyethylene surfaces, with a follow-up of up to seven years. However, ceramic-on-ceramic implants were more likely to have larger prosthetic heads and to have been implanted in younger patients. The size of the head of the femoral component and age are known to be independent predictors of dislocation. Therefore, the outcomes were stratified by the size of the head and age.
There is a significantly higher rate of revision for dislocation in ceramic-on-ceramic bearing surfaces than in metal-on-polyethylene implants when smaller sizes (≤ 28 mm) of the head were used in younger patients (< 65 years) (hazard ratio = 1.53, p = 0.041) and also with larger (> 28 mm) and in older patients (≥ 65 years) (hazard ratio = 1.73, p = 0.016).
Dislocation remains a common complication following total hip replacement (THR) and is second only to aseptic loosening as a cause of revision. 1 More recent data from the Australian Orthopaedic Association National Joint Replacement Registry show dislocation as the most common cause of revision, accounting for 31.5% of all revisions of primary THRs on the database. 2 The prevalence of dislocation following primary THR has been reported to vary from 1% to over 9%, [3] [4] [5] [6] and following revision THR from 9% to 21%. [7] [8] [9] Between 16% and 65% of dislocations become recurrent, often requiring revision operations. [10] [11] [12] [13] The causes of dislocation are multifactorial. Factors thought to play a role in dislocation include malalignment of the acetabular 14, 15 and femoral 6, 9 components, soft-tissue tension, 16 the surgical approach, 17, 18 the experience of the surgeon, 4 previous hip surgery, 8, 19, 20 inflammatory arthritis, 4 patient variables such as age and cognitive impairment, 7, 21, 22 as well as design features of the prosthesis, such as offset, the diameter of the femoral neck and the size of the head. 16, 17, [23] [24] [25] There is little data on the role of the bearing surface on the risk of dislocation, and some controversy over whether ceramicon-ceramic bearing surfaces are associated with an altered risk of dislocation.
The use of ceramic bearing surfaces with high wear resistance and different properties of wear particles may help to improve the survival of THR by minimising the volume and biological activity of any wear debris. However, potential complications remain associated with this bearing surface. The risk of fracture of the ceramic head or liner, either intra-or post-operatively is thought to be relatively small owing to improvements in the manufacturing process, with the incidence reported as one in 25 000. 26 Nevertheless, concerns remain that damage to the ceramic head or liner may occur during dislocation and reduction. [27] [28] [29] Concerns of a higher dislocation rate due to limited availability of options for neck length and the liner have been noted, but no study has demonstrated a higher dislocation rate or revision due to dislocation with these bearing surfaces. [30] [31] [32] One review looked at the differences in forces required to dislocate THRs in vitro. 33 No difference was found in stability between different bearing surfaces where the components were implanted in the optimal position. However, in tests under lubricated conditions, ceramic bearing surfaces were more liable to dislocate when implanted in unfavourable positions compared to metal-on-polyethylene implants. 33 Another study has shown that when the surface impinges and edge loading commences as the precursor to dislocation in a loaded ceramic bearing, the frictional force increases as the fluid film lubrication breaks down. 34 This could protect against dislocation. Another study postulated that the differential ease of separation due to viscous tension and ionic adhesive forces may contribute to a different dislocation rate. Metal-on-metal bearing surfaces required higher forces to separate than do ceramic surfaces in vitro, and this was associated with a lower dislocation rate of the former in vivo. 35 The problem of designing a study to investigate the role of the bearing surface on revision for dislocation is often one of inadequate power. Of the 110 239 primary THRs recorded between September 1999 and December 2007 in the Australian Registry, the details of the bearing surface The mean age of all the patients who had primary THR was 68.1 years (SD 11.4) and 55.4% of the THRs were undertaken in women. Table I shows the distribution of bearing surface used over the period of the registry. Statistical analysis. The cumulative percentage of revisions for dislocation of primary THRs at each of year one, two, three, five and seven following implantation was estimated using the Kaplan-Meier method. Reasons for revision other than dislocation were adjusted for the purposes of the survival analysis. Our primary interest was to compare revision rates due to dislocation of ceramic-on-ceramic bearing surfaces with those of other surfaces used.
The unadjusted cumulative percentage of revisions for dislocation are reported with 95% confidence intervals (CI). Adjustment for age, gender and size of the femoral head were made when comparing revisions for dislocation over the entire period, using hazard ratios from proportional hazard models. All tests were two-tailed at the 5% level of significance.
Previous analysis from the Annual Report (2008) of the registry has identified that the size of the prosthetic femoral head and age are independent predictors of increased revision rates for dislocation. The femoral head size and age distributions between different bearing surfaces are not similar.
2 Analysis was performed after stratification of the data into four groups based on the size of the head (≤ 28 mm or > 28 mm) and age (< 65 years or ≥ 65 years).
All cases where the metal-on-metal Artek Cup (Sulzer Medica, Winterthur, Switzerland) was used were excluded. It is a low profile metal bearing surface prosthesis that was found to have a substantially higher than anticipated revision rate for dislocation, and was subsequently removed from the market. Exclusion prevents skewing of the results for metal-on-metal bearing surfaces. Analysis was performed using SAS version 9.2 (SAS Institute Inc., Cary, North Carolina).
Results
Of all primary THRs, 2621 (2.4%) were revised for any reason; 862 of these revisions were for dislocation (0.78% of all hips, and 32.9% of all hips revised). This equates to a rate of 0.3 revisions due to dislocation per 100 component years. Table II shows the stratified revisions due to dislocation. Figures 1 to 4 show the cumulative percentage of hips revised due to dislocation by bearing surface and broken down into the four groups by head size and age at surgery. Hazard ratios were calculated (adjusted for age, gender and head size) comparing the hazard of revision due to dislocation for the different bearing surfaces. There is a statistically significantly higher rate of revision for dislocation in ceramic bearing surfaces than for metal-on-polyethylene in the smaller head size and younger age group (hazard Ceramic-on-ceramic Ceramic-on-polyethylene Metal-on-metal Metal-on-polyethylene Ceramic-on-ceramic Ceramic-on-polyethylene Metal-on-metal Metal-on-polyethylene Fig. 2 Cumulative percentage revision for dislocation by bearing surface, where femoral component head size ≤ 28 mm and age ≥ 65 years. ratio 1.53; 95% CI 1.02 to 2.30, p = 0.041) and the larger head size and older age group (hazard ratio 1.73; 95% CI 1.10 to 2.74, p = 0.016). One paper has identified a protective effect of metal-on-metal bearing surfaces on dislocation, 35 but this was not observed in our series. One group (head size > 28 mm and age ≥ 65 years) with metal-onmetal bearing surfaces had a significantly higher rate of revision for dislocation than metal-on-polyethylene (hazard ratio 2.44; 95% CI 1.23 to 4.85, p = 0.011). Table III shows the cumulative percentage dislocation rate for each bearing surface (overall and stratified by age and head size). Although ceramic bearing surfaces have a lower cumulative percentage rate of dislocation at seven years than do metal-on-polyethylene and ceramic-onpolyethylene, this is before stratification by the risk factors of age and size of the femoral head. Of ceramic bearing surfaces revised for dislocation, 78% were undertaken in the first post-operative year, compared to 62% metal-onpolyethylene bearing surfaces of ceramic-on-polyethylene and 69% of metal-on-metal (Table IV) .
Discussion
Revision of a THR because of instability is a relatively frequent complication of hip surgery. Concerns have been expressed that because of the limited length of modular necks and the lack of choice of elevated or offset liners, the surgeon may have greater difficulty in obtaining adequate stability when using ceramic components. However, the overall revision for dislocation in ceramic bearing surfaces is not significantly higher than with ceramic-onpolyethylene and metal-on-polyethylene, and therefore concerns that these limitations may result in rates of higher dislocation appear unfounded. The use of ceramic bearing surfaces allows flexibility in the use of larger head sizes. It has previously been shown in the registry that larger head size reduces the risk of dislocation, and this together with use in younger age groups, may account for the finding that overall revision for dislocation is not significantly higher with ceramic bearing surfaces than with other surfaces after adjustment for these factors. This study has attempted to control confounding factors by stratifying by age and size of the femoral head, as well as adjusting for age, gender and size of the head in the hazard ratios. This study has shown that for small femoral head sizes and younger patients, and large head sizes and older patients, ceramic bearing surfaces have a higher rate of revision for dislocation. This study covered a seven-year period, and it is possible that late dislocation, for example due to polyethylene wear because of either liner edge wear or the secondary effect of polyethylene wear debris on soft-tissue tension may influence revision for dislocation in subsequent years. Other patient factors may also play a role in the risk of revision for dislocation. The analysis is adjusted for age, but it is possible that other factors for which data are not collected by the registry, for example body mass index, surgical approach or cognitive function, may be confounding factors in the risk of dislocation.
The registry does not collect data on the indication for the selection of a particular bearing couple. We are therefore unable to state whether factors such as levels of patient activity and function play a role in a surgeon's choice of bearing surface.
Ceramic-on-ceramic bearing surfaces have been shown to possess favourable wear characteristics, but particular care should be taken in their use to avoid some of their complications. The risk of failure due to ceramic fracture has been improved by advances in manufacturing techniques to avoid notching of the ceramic surface. This study has identified the use of ceramic bearing couple as a potential risk factor for revision due to dislocation compared to metal-on-polyethylene bearing implants. Care must therefore be taken to ensure optimal positioning of the implant, with further research undertaken to determine what is the optimal position for both the acetabular Ceramic-on-ceramic Ceramic-on-polyethylene Metal-on-metal Metal-on-polyethylene and femoral components. Intra-operative procedures to reduce impingement and levering, such as excision of anterior femoral osteophytes and acetabular osteophytes, as well as debulking of the anterior capsule may be important. When using ceramic-on-ceramic bearing surfaces, large femoral heads should be used where possible in older patients to minimise the risk of dislocation. These patients might be particularly at risk if there is any cognitive impairment. Although the increased risk of dislocation could be considered when it comes to deciding which bearing surface to use, this should be balanced with other factors, such as cost and different wear characteristics. An improved range of options for neck length and liners may also help to reduce the risk of revision for dislocation with ceramic bearings.
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